In this catalog, we present the results of a systematic study of 295 short gamma-ray bursts (GRBs) detected by Konus-Wind (KW) from 1994 to 2010.
INTRODUCTION
Gamma-ray bursts (GRBs) can be divided into two distinct morphological classes based on the properties of the observed gamma-ray emission: short/hard GRBs, which typically last less than 2 s, have hard prompt-emission spectra and negligible spectral lag, and long/soft GRBs which last typically longer than 2 s, have softer spectra and non-negligible spectral lag (Mazets et al. 1981; Kouveliotou et al. 1993; Norris et al. 2000; Norris & Bonnell 2006) .
It is believed that the physical origins of long/soft and short/hard bursts are different.
Short/hard GRBs are thought to be the results of mergers of binary compact objects (so called Type I GRBs), such as two neutron stars or a neutron star and a black hole (see, e.g. Berger 2014 and references therein), while long/soft (Type II GRBs), which are occasionally accompanied by supernovae, originate from the core collapse of massive stars (see Zhang et al. 2009 for more information on the Type I/II classification scheme).
The Konus-Wind gamma-ray burst spectrometer (hereafter KW, Aptekar et al. 1995) has observed ∼ 2500 GRBs, with ∼ 400 of them being short GRBs, in the period from launch in 1994 to 2015. Here, we present the second KW short GRB catalog which provides spectral and temporal characteristics of one of the largest short GRB samples to date over a broad energy band. Specifically, the catalog covers GRBs occurring during the period from 1994 November to 2010 December and includes about twice the number of bursts as the first Konus catalog of short GRBs 1 (Mazets et al. 2002) .
We start with a description of the KW detectors in Section 2. In Section 3 we provide details of the KW short GRB sample. We describe the analysis procedures in Section 4 and present the results in Section 5. Finally, in Section 6 we conclude with a summary.
1 The data are available at http://www.ioffe.ru/LEA/shortGRBs/Catalog/ -4 -
KONUS-WIND
KW consists of two identical NaI(Tl) detectors S1 and S2, each with 2π field of view.
The detectors are mounted on opposite faces of the rotationally stabilized Wind spacecraft, such that one detector (S1) points towards the south ecliptic pole, thereby observing the south ecliptic hemisphere, while the other (S2) observes the north ecliptic hemisphere.
Each detector has an effective area of ∼ 80-160 cm 2 depending on the photon energy and incident angle. The nominal energy range of gamma-ray measurements covers the incident photon energy interval from 13 keV up to 10 MeV.
In interplanetary space far outside the Earth's magnetosphere, KW has the advantages over Earth-orbiting GRB monitors of continuous coverage, uninterrupted by Earth occultation, and a steady background, undistorted by passages through the Earth's trapped radiation, and subject only to occasional solar particle events. The Wind distance from The instrument has two operational modes: waiting and triggered. While in the waiting mode, the count rates are recorded in three energy windows G1 (13-50 keV), G2 (50-200 keV) , and G3 (200-760 keV) with 2.944 s time resolution. When the count rate in the G2 window exceeds a ≈ 9σ threshold above the background on one of two fixed time-scales, 1 s or 140 ms, the instrument switches into the triggered mode. In the triggered mode, the count rates in the three energy windows are recorded with time resolution varying from 2 ms up to 256 ms. These time histories, with a total duration of ∼ 230 s, also include 0.512 s of pre-trigger history. Spectral measurements are carried out, starting from the trigger time T 0 , in two overlapping energy intervals, 13-760 keV and 160 keV-10 MeV, with -5 -scale. The first four spectra are measured with a fixed accumulation time of 64 ms in order to study short bursts. For the subsequent 52 spectra, an adaptive system determines the accumulation times, which may vary from 0.256 to 8.192 s depending on the current count rate in the G2 window. The last 8 spectra are obtained for 8.192 s each. As a result the minimum duration of spectral measurements is 79.104 s, and the maximum is 491.776 s.
The detector response matrix (DRM), which is a function only of the energy and incident angle, was computed using the GEANT4 package (Agostinelli et al. 2003) . The detailed description of the instrument response calculation is presented in Terekhov et al. (1998) . The latest version of the DRM contains responses calculated for 255 photon energies between 5 keV and 26 MeV on a quasi-logarithmic scale for incident angles from 0
• to 90
• with a step of 5
• . The energy scale is calibrated in-flight using the 1460 keV line of 40 K and the 511 keV annihilation line.
The gain of the detectors has slowly decreased during the long period of operation.
The instrumental control of the gain became non-functional in 1997 and the spectral range changed to 25 keV-18 MeV for the S1 detector and to 20 keV-15 MeV for the S2 detector, from the original 13 keV-10 MeV. The spectral resolution of the detectors (∆E/E) did not change significantly during the mission, with an upper limit, estimated at E = 1460 keV, of ∆E/E 10% (FWHM) for the whole period of monitoring. The corresponding resolution loss is less than a factor of 1.5 compared to the ground-based calibrations (∆E/E ≈ 6.5%
at 1460 keV, FWHM).
For all short GRBs we use a standard KW dead time (DT) correction procedure for light curves (with a DT of a few microseconds) and spectra (with a DT of ∼42 microseconds).
Although the photon flux for some short GRBs is very high (up to ∼ 10 5 counts s −1 ), this procedure is still applicable; no additional correction, which was used, e.g., in an analysis of the KW detection of the 1998 August 27 giant flare from SGR 1900+14, is required -6 -(details of these simulations and the KW dead-time correction procedures can be found in Mazets et al. 1999) . Also, at high count rates, a pile-up effect in the analog electronics can distort the low-energy part of the KW instrumental spectra. Our simulations show that, for the bright, hard bursts in our sample, the distorted energy range is limited to <50-150 keV and lies well below the peak energies of the spectra. Accordingly, we found that the exclusion of the potentially distorted channels from spectral fits of the brightest short GRBs results in model parameter changes within the fit uncertainties.
The consistency of the KW spectral parameters with those obtained in other GRB experiments was verified by a cross-calibration with Swift-BAT and Suzaku-WAM (Sakamoto et al. 2011a) , and in joint spectral fits with Swift-BAT (Krimm et al. 2006; Roming et al. 2006; Starling et al. 2009 ) and Fermi -GBM (e.g., Lipunov et al. 2016 ).
It was shown that the difference in the spectrum normalization between KW and these instruments is 20% in joint fits.
THE SHORT GRB SAMPLE
Between 1994 November and 2010 December, KW detected 1939 GRBs in the triggered mode, 295 of which were classified as short-duration GRBs or short bursts with extended emission (EE). The classification (Svinkin et al., in prep.) was based on the T 50 duration distribution. T 90 and T 50 are the time intervals which contain from 5% to 95% (T 90 ) and from 25% to 75% (T 50 ) of the total burst count fluence (see, e.g., Kouveliotou et al. 1993) . In this work, these durations are calculated in the G2+G3 band (nominal bounds 50-760 keV) unless stated explicitly. Using an unbiased sample of 1168 KW GRBs we adopted T 50 = 0.6 s as the boundary between short and long KW GRBs. The instrument trigger criteria cause undersampling of faint short bursts relative to faint long bursts, so this subsample of fairly bright (in terms of peak count rate in the KW trigger energy band) -7 -bursts has been chosen for the purpose of classification.
Although the aim of this work is to report on all KW GRBs that meet the short GRB criterion, the results of a more sophisticated classification of the selected GRBs, which accounts for the burst spectral hardness and its duration (Svinkin et al., in prep.) , may be essential for future analysis. The burst spectral hardness (HR 32 ) was calculated using the ratio of counts in the G3 and G2 bands accumulated during the burst duration T 100 .
The calculation of HR 32 takes into account the gain drift effect. The rates expected in the nominal G2 and G3 energy bands (as given in Section 2) were estimated using the best fit to the burst count spectrum with the CPL function (see Section 4 for the CPL spectral model definition).
The burst types were derived using a method similar to that described in Horváth et al. Along with the Type I-II classification we report the spectral lags (τ lag ) for bursts in our sample. The spectral lag is a quantitative measure of spectral evolution often seen in long GRBs, when the emission in a soft detector band peaks later relative to a hard band. It was also shown that short GRBs with and without EE have negligible spectral lag (Norris & Bonnell 2006; Norris et al. 2001) . Thus, the spectral lag can be used as an additional classification parameter. We calculated τ lag for three pairs of the KW light curves (G2 and G1, τ lag21 ; G3 and G2, τ lag32 ; and G3 and G1, τ lag31 ) using a cross-correlation -8 -method similar to that described in Norris et al. (2000) . Details and examples of lag estimations for KW bursts will be given in Svinkin et al. (in prep) .
KW has only coarse localization capability on its own, which is crucial for the GRB spectral analyses. In cases where the position of a GRB is not available from an instrument with imaging capabilities (e.g. Swift-BAT), the source localization can be derived using InterPlanetary network triangulation . The localizations of 296 KW short GRBs detected between 1994 November and 2010 December can be found in (Pal'shin et al. 2013) . see Pal'shin et al. 2013) . The second column gives the KW trigger time in the standard time format. The "Name" column specifies the GRB name as provided in the Gamma-ray Burst Coordinates Network circulars 2 , if available. The "Detector" column specifies the triggered detector. The next column provides the angle between the GRB direction and the detector axis (the incident angle). The last column contains localization-specific notes.
Our sample contains 19 GRBs with incident angles close to, but slightly greater, than 90
• . In these cases we use an incident angle of 90
• to calculate the detector response.
The positions of three weak bursts, GRB19990831 T41835, GRB20010420 T30786, and GRB20080321 T23721, cannot be constrained to better than an ecliptic hemisphere, so for these GRBs we use an incident angle of 60
• .
-9 -
SPECTRAL ANALYSIS
A typical KW short GRB spectrum is a subset of the four 64-ms spectra measured from T 0 up to T 0 + 0.256 s. The background spectrum for bursts without EE was usually taken from T 0 + 25 s with an accumulation time of about 100 s. For about 25% of the bursts, a major fraction of the counts was accumulated before the trigger, in the time interval not covered by the multichannel spectra. For these bursts, a three-channel spectrum, constructed from the light curve counts, is used for the analysis, accumulated over the whole burst duration T 100 . The spectral sample contains 214 multichannel time-integrated spectra and 79 three-channel spectra. Due to low counting statistics of the majority of our short GRBs we typically use a time-integrated spectrum to calculate both the total energy fluence (S) and the peak energy flux (F peak ). Only for 18 fairly intense GRBs from our sample was it possible to derive F peak from a spectrum covering a narrow time interval near the peak count rate.
We chose three spectral models to fit the spectra of GRBs from our sample. These models were a power law (PL), Band's GRB function (BAND), and an exponential cutoff power-law (CPL). The details of each model are presented below.
The power law model:
The exponentially cutoff power law:
Band's GRB function (Band et al. 1993) :
-10 -Where E p is the peak energy of the EF E spectrum.
Multichannel spectra
The spectral analysis of bursts with multichannel spectra was performed using XSPEC v. 12.8.0 (Arnaud 1996) . The χ 2 statistic was used in the model fitting process as a figure of merit to be minimized. The spectral channels were grouped to have a minimum of 10 counts per channel to ensure the validity of the χ 2 statistic. We use a model energy flux in the 10 keV-10 MeV band as the model normalization during fit. The flux was calculated using the cflux convolution model in XSPEC. The parameter errors were estimated using the XSPEC command error based on the change in fit statistic (∆χ 2 = 2.706) which corresponds to 90% CL.
We fit the three model functions described above to each multichannel spectrum. The most preferred model (the best-fit model) was chosen based on the difference in χ 2 . The criterion for accepting a model with a single additional parameter is a change in χ 2 of at least 5 with the chance probability for achieving this difference of ≈ 0.025. We found that this threshold is preferred, for our sample, over the frequently-used ∆χ 2 ≥ 6 because it nearly halves the number of divergent PLs as best-fit models which is crucial when the burst energetics are considered.
Three-channel spectral analysis
The 79 three-channel spectra were fitted with PL and CPL using a custom-built routine and the confidence limits for the parameters were estimated via the bootstrap approach.
For the purpose of testing the procedure we compared results of the multichannel and -11 -three-channel spectral analysis for the sample of the 214 GRBs with multichannel spectra.
For each burst we constructed a three-channel spectrum accumulated over the interval of measurement of the multichannel spectrum. Then we compared parameters of the model that best fits the multichannel spectrum with the parameters of the same model fitted to the three-channel spectrum. In the case of PL the resulting photon indices are consistent between the two types of spectral analysis. For CPL we found that the α values are also generally consistent between the three-channel and multichannel spectra. The same is true for E p but only when its value is located within the three-channel analysis range (i.e.
1 MeV), otherwise, the latter method results in an overestimated, poorly constrained E p . This demonstrates that KW is capable of producing accurate spectral parameter and energetics estimates even when multichannel spectral data are not available.
Since the CPL fit to a three-channel spectrum has zero degrees of freedom (and, in the case of convergence, χ 2 CPL = 0), the best-fit model cannot be easily chosen between PL and CPL on the basis of the ∆χ 2 ≥ 5 criterion. So, in order not to overestimate the burst energetics, we decided to use the CPL model flux to calculate S and F peak for the GRBs for which the three-channel CPL fit results in an E p constrained from below. Table 2 contains the burst durations, the spectral lags, and classification. The first column gives the burst designation. The following four columns contain the start of the T 100 interval t 0 (relative to T 0 ), T 100 , T 90 and T 50 . The errors are given at the 1σ confidence level (CL). For two GRBs (GRB19960325 T69892 and GRB19980614 T31854) T 90 and T 50
RESULTS

Temporal characteristics and Type I-II classification
were calculated in the G2 energy range (nominal bounds 50-200 keV) because of gaps in -12 -the G3 light curve, and these GRBs were excluded from the spectral analyses. The next column gives the Type I-II classification and the last three columns contain τ lag21 , τ lag32 , and τ lag31 . A positive τ lag corresponds to the delay of the softer emission. The lags are provided for bursts having signal-to-noise ratio ≥ 8 σ in the corresponding light curves binned to ≤ 64 ms resolution. Most of the Type I bursts have τ lag < 25 ms (see Figure 2 ), while bursts of types I/II and II tend to have long 100 ms. For the bursts with EE, the durations and lags in Table 2 are given for the short initial pulse only. Table 3 provides the results of the multichannel spectral analysis for the 214 timeintegrated spectra and the 18 spectra near the peak count rate. For the time-integrated spectra the statistics of the best-fit models are as follows: CPL -201 GRBs, BAND -9
Spectral parameters
GRBs, and PL -4 GRBs. Along with the best-fit model parameters we present the results for the models whose parameters are constrained (hereafter, GOOD models). For the CPL and BAND GOOD models we require both α and E p errors to be constrained, and, for the BAND model, β > −4. To reject models with apparent systematics in the fit residuals, we also require a null hypothesis probability P > 10 −6 for the fit. The ten columns in Table 3 contain the following information: (1) the burst designation (see Table 1 ); (2) the spectrum type, where 'i' indicates that the spectrum is time-integrated and is used to calculate S, 'p' means that the spectrum is measured near the peak count rate (and is used to calculate F peak ), or both 'i,p'; columns (3) and (4) contain the spectrum start time T start (relative to T 0 ) and its accumulation time ∆T ; (5) GOOD models for each spectrum; (6)-(8) low-energy spectral index α, high-energy spectral index β, and E p ; (9) normalization (energy flux in 10 keV-10 MeV band); (10) χ 2 /dof along with the null hypothesis probability P . In cases where the lower limit for β is not constrained, the value of (β min − β) is provided instead, -13 -where β min = −10 is the lower limit for the fits. In total, the table contains results for 473 fits of time-integrated spectra with different models (210 -CPL, 117 -BAND, and 146 -PL). Table 4 contains results obtained from fits of the 79 three-channel spectra. For all but one of these GRBs we present the CPL model parameters and, for GRB19961113 T80522,
for which E p is not constrained, the PL fit results (χ 2 = 1.6 × 10 −4 ) are provided. A nonzero χ 2 CPL was obtained only for two out of the 78 bursts: GRB20000623 T03887 (χ 2 = 0.4) and GRB20100612 T47056 (χ 2 = 2.2). In both cases no excess in the count rate over the background level is detected in the softest KW channel (G1). The seven columns contain the following information: (1) the burst designation (see Table 1 ); columns (2) and (3) contain the spectrum start time T start (relative to T 0 ) and its accumulation time (∆T ); (4) the spectral model; columns (5) and (6) contain α and E p , respectively; (7) normalization (energy flux in the 10 keV-10 MeV band).
In Figure 3 , we show the distributions for E p and α. The low-energy indices α of the best-fit models for the multichannel spectra are distributed around a value of −0.5. About 66% of the low-energy indices are α > −2/3, violating the synchrotron "line-of-death" (Preece et al. 1998) , while only 1% of the indices (three photon indices of the PL model) are α < −3/2, violating the synchrotron cooling limit. For the four spectra that are best described with the PL model the photon indices are at the soft end of the low-energy index distribution. The high-energy indices are distributed around a slope β = −2.3. The E p distribution for the CPL model peaks around 500 keV and covers just over two orders of magnitude. We studied the difference in the value of E p between the BAND and CPL fits in the GOOD sample. We found that for each spectrum the E p in the CPL and BAND models in the GOOD sample are consistent within 90% CL.
Three bright GRBs are found to have P < 0.001 for the fits of the time-integrated -14 -spectra. We have explored these GRBs in more detail. In the case of GRB20060306 T55358, with P ≈ 10 −4 , the strong hard-to-soft evolution of the emission results in the poor BAND and CPL fits to the time-integrated spectrum. However, we found no strong deviation from the BAND model (P > 0.05) for the individual, time resolved spectra of this bright GRB. The time-integrated spectra of two other bursts, GRB19960908 T25028 and GRB20031214 T36655 turn out to be well described by a sum of CPL and PL functions.
In addition, we found apparent systematics in the fit residuals for GRB19980205 T19785
(P = 0.08) whose spectrum is also well described by the CPL+PL combination. The parameters of the CPL+PL fits to time-integrated spectra of these GRBs are given in Table 5 . For all three GRBs the PL component, which is also detected in most of the time resolved spectra of these bursts, is rather soft (α ∼ −2) and dominates the emission below ∼ 50-100 keV. The hard CPL component is described by E p ∼ (1.5-2) MeV and considerably flatter photon index (α > −1). All the above-mentioned GRBs are in the top 10% of the most intense ones in terms of their energy fluence, with GRB20031214 T36655
and GRB20060306 T55358 being the first and the second most intense bursts in our sample, respectively.
Fluences and peak fluxes
The values of S and F peak were derived using the energy flux of the best-fit spectral model in the 10 keV-10 MeV band. Since the spectrum accumulation interval typically differs from the T 100 interval a correction which accounts for the emission outside the time-integrated spectrum was introduced when calculating S. For short GRBs with EE, the energy fluences of the initial peak and EE were estimated separately (see also Section 5.4).
F peak was calculated on the 16 ms scale using the best-fit spectral model for the spectrum near the peak count rate. To obtain F peak , the model energy flux was multiplied by the -15 -ratio of the 16 ms peak count rate to the average count rate in the spectral accumulation interval. Typically, the corrections were made using counts in the G2+G3 light curve; the G1+G2, G2 only, and G1+G2+G3 combinations were also considered depending on the emission hardness and intensity. Table 6 contains S and F peak for the 293 bursts. The first column gives the burst designation (see Table 1 ). The three subsequent columns give S; the start time of the 16-ms time interval, when the peak count rate in the G2+G3 band is reached; and F peak .
The distributions of S and F peak are shown in Figure 4 . The ranges of S and F peak are (0.2-140) × 10 −6 erg cm −2 and (0.2-85) × 10 −5 erg cm −2 s −1 , respectively.
We note that for the handful of very intense, highly variable GRBs (i.e.
GRB19970704 T04097, GRB20031214 T36655, GRB20051103 T33943, GRB20060306 T55358, GRB20070201 T55390, and GRB20070222 T27115) the values of F peak (and to a lesser extent S) can be underestimated in our analysis by a factor of ∼ 1.5-2, because the live time in a spectrum is estimated under the assumption of a constant count rate during the accumulation interval.
Short GRBs with extended emission
The extended emission (EE) component which follows the initial short pulse ( Sakamoto et al. 2011b) , and Fermi -GBM (Kaneko et al. 2015) . We searched for candidates for short GRBs with EE in the full sample of 1939 Konus-Wind GRBs detected between -16 -meet our criteria for a short GRB, i.e. have T 50 < 0.6 s; and the remaining part of burst (EE) should not exhibit peaks with prominent spectral evolution. Applying these criteria to the full KW sample, we found 31 candidates for short GRBs with EE. Although the bright IP of GRB 070207 (Golenetskii et al. 2007 ) satisfies our criteria of a short GRB with E p ∼ 300 keV, the very intense and spectrally-hard (E p ∼ 1.5 MeV) behavior of the subsequent emission, which only formally can be considered as EE, suggests that this event is a long-duration, hard-spectrum burst with a short GRB-like precursor, very similar in morphology to two other KW bursts, GRB 000115 and GRB 001020.
Only for 21 of the remaining 30 events was the EE bright enough to allow spectral analysis. The initial pulses of these events are classified in Table 2 as Iee or Iee/II. Table 7 presents the parameters of the EE. The ten columns contain the following information:
(1) the burst designation (see Table 1 ); columns (2) and (3) contain the EE start time (relative to T 0 ) and duration, determined at the 5σ confidence level in the G2 or G2+G1 bands; columns (4) and (5) contain the spectrum start time T start (relative to T 0 ) and its accumulation time ∆T ; (6) best-fit models for each spectrum; (7) and (8) contain α and E p ; (9) the EE energy fluence in the 10 keV-10 MeV band; (10) χ 2 /dof along with the null hypothesis probability P .
In 15 cases EE is best fitted with PL and in six cases with the more complex CPL model. The PL indices range from −2.6 to −1.4 with a median of −1.6, and the CPL photon indices range from −1.4 to −0.3 with a median of −1.2. The E p values range from ≈ 160 keV to ≈ 2.2 MeV with a median of ∼ 300 keV and a geometric mean of 370 keV. For the 21 bursts, the fluence ratio, EE to initial pulse, ranges from 0.06 to 15 with a median of 3.3. Among six KW bursts whose EE can be well described with the CPL model, four
have the E p of the EE lower than that of the IP. Two bursts, GRB19950526 T16613 and GRB20090720 T61379, display EE harder than IP, with the latter having extremely hard -17 -EE (E p = 2.2(−1.0, +2.4) MeV).
SUMMARY AND DISCUSSION
We have presented the results of the systematic spectral analysis of 293 short Konus-Wind GRBs, which is ∼ 15% of all KW GRBs detected during the first fifteen years of operation. Among them, ∼ 70% are classified as Type I bursts, ∼ 8% as Type II , and ∼ 12% have an uncertain type (I or II). The fraction of KW short GRBs that display extended emission is ∼ 10%.
In total we analyzed 253 multichannel spectra: 214 time-integrated spectra, 18 spectra near the peak count rate, and 21 spectra of the extended emission. We also analyzed 79 three-channel spectra. Our results support the previous findings that the spectra of the majority of short GRBs are well described by the CPL function with hard α ∼ −0.5 and E p in the range of 100 keV-2 MeV. We found that the Band function is the best-fit model only for ∼ 4% of KW short GRBs. Among the 5% highest-S GRBs 20% are best-fitted with BAND; the -18 -remaining 80% of the bursts require a high-energy index β −2.5 and in most cases are not constrained from below. This suggests that the absence of high-energy PL behavior observed in a large fraction of the bright short GRB spectra is likely intrinsic to the bursts rather than due to poor count statistics.
The scope of this catalog does not involve a study of the short GRB spectra with more complex models. Nevertheless, we found, that among the 214 bursts with multichannel spectra, three GRBs require an additional PL component with photon index of ∼ −2. These bursts belong to the brightest 10% of the sample. The ratio of the PL to CPL component energy flux ranges from 0.03 in GRB20031214 T366655 to 0.4 in GRB19980205 T19785.
These PL components might be similar to that found for GRB 081024B (Abdo et al. 2010) and GRB 090510 using Fermi GBM and LAT data. GRB 081024B
was not detected by KW in the triggered mode while GRB 090510 (GRB20090510 T01381) is present in our sample. For the latter burst, the additional PL component is not needed to describe the KW time-integrated spectrum, and the estimated upper limit to the energy flux of the PL component with a photon index of −1.7 is ∼ 1 × 10 −6 erg cm −2 s −1 at 90% CL. The corresponding energy flux ratio, PL to BAND, is less than ∼ 0.02 at 90% CL.
A detailed study of the KW bursts with an additional spectral component will be published in a separate paper.
Comparison of KW with BATSE and GBM short GRBs
We compared the results of our spectral analysis to those reported for other instruments. The largest broadband GRB samples available to date are those reported by -19 -CGRO-BATSE 3 (20 keV-2 MeV; Goldstein et al. 2013) and Fermi -GBM 4 (8 keV-40 MeV; Gruber et al. 2014 ). The present analysis contains about a factor of two more short GRBs than the GBM study, over a slightly narrower energy range, and a factor of ∼ 1.5 less than the BATSE sample, but over a broader energy range.
From the BATSE 5B catalog we selected 427 bursts with T 90 < 2 s and with the time-integrated spectrum accumulation interval being shorter than 10 s. Based on a ∆χ2 > 6 criterion, the best-fit model statistics for these GRBs is: 11 -Band, 225 -CPL, and 191 -PL. From the GBM second catalog we selected 146 GRBs with T 90 < 2 s. The best-fit models for the GBM bursts, as given in the catalog, are: 3 -Band, 67 -CPL, and 76 -PL; the bursts best described with smoothly broken power law were excluded from the comparison.
The ratio of Band to CPL best-fit models is small ( 5%) for all samples. We tested whether distributions of α and E p of the CPL model are consistent between the instruments. The two-sided p-values of the two-sample Kolmogorov-Smirnov test (P KS ) for KW and GBM α and E p distributions are 10% and 25%, respectively, while for KW and BATSE, and GBM and BATSE P KS < 1%. The BATSE sample has median α = −0.33 while medians for KW and GBM are α = −0.49 and α = −0.50, respectively. The median of the E p distribution is ∼ 400 keV for BATSE and ∼ 550 keV for both KW and GBM.
Thus, the KW results are consistent with GBM and to a slightly lesser extent with BATSE.
The fractions of best-fit PL models in each sample are: 2% (5% using ∆χ 2 > 6 criterion) -KW, 52% -GBM, 55% -BATSE. We have investigated the origin of a high fraction of PLs in the BATSE and GBM samples. To make the comparison more robust, (BATSE) and 49 (GBM) GRBs contain 29 (21%) and 3 (6%) PLs, respectively. Thus, in the common fluence range, the fractions of best-fit PLs for KW and GBM are consistent.
Among GOOD CPL models for the 29 BATSE bursts 17 have 1σ upper limits of E p not constrained to the upper BATSE spectral band boundary (2 MeV). The remaining 12 bursts represent 9% of the subsample. Thus, the main source of the relatively high PL fractions in the BATSE and GBM short GRBs samples is a large amount of weak bursts for which a more complex model cannot be preferred due to low count statistics. Also, for the BATSE bursts the additional bias toward the PLs comes from the relatively narrow energy band.
Extended emission
We found that 30 bursts from the sample of 1939 KW GRBs detected from 1994 to 2010 can be classified as short GRBs with EE based on the short duration of an initial pulse and the presence of subsequent emission exhibiting no prominent spectral evolution. Of them 21 GRBs have intense enough EE to perform spectral analysis. For six KW bursts the EE spectrum requires a "curved" (CPL) model with rather high E p ∼ 160 keV-2.2 MeV.
The IPs of two of them are classified as Iee/II and they are probably long GRBs with a short initial pulse. The four remaining events, however, are "canonical" short/hard GRBs with EE in terms of the light curve shape. Similar EE spectral behavior was reported earlier for two out of 19 BATSE GRBs (Bostancı et al. 2013 ) and for four out of 14 GBM bursts (Kaneko et al. 2015) ; our results provide additional evidence of rather hard EE being observed in some short GRBs.
In total, our sample contains two short GRBs with EE detected by BATSE and three EE bursts detected by GBM. The comparison of the fits shows that the EE -21 -spectral parameters for these bursts, including those for one common GRB with hard EE (GRB20090831 T27393; E p ≈ 215 keV), are consistent within errors between KW and the other instruments. The KW GRB20090720 T61379 showing extremely hard EE (E p ≈ 2.2 MeV) was also detected by GBM. Although this burst had not been included by Kaneko et al. (2015) in the EE sample, the GBM time-integrated spectral parameters (Gruber et al. 2014 ) are consistent with the KW fits we made for the same time interval.
The bright, nearby GRB 060614, which can be regarded as a short GRB with EE (Gehrels et al. 2006) , was detected by KW (T 0 (KW)=45831.590 s; Golenetskii et al. 2006 ), but was not included in our short GRBs sample because of the long duration of the initial peak T 50 = 2.7 ± 0.3 s.
Giant flare candidates
The enormous initial pulse of a soft gamma-repeater giant flare (GF) can mimic a classical short GRB even when observed from a nearby galaxy. An upper limit on the fraction of such events among observed short GRBs was estimated in several studies to be ∼ 1-15%, see Hurley (2011) for a review. Svinkin et al. (2015) performed a search for GFs in the KW short GRB sample using the burst localizations from Pal'shin et al. (2013) . Only two earlier reported candidates were found, GRB 051103 (GRB20051103 T33943) in the M81/M82 group of galaxies (Frederiks et al. 2007 ) and GRB 070201 (GRB20070201 T55390) in the Andromeda galaxy (Mazets et al. 2008) . Both GRB 051103 and GRB 070201 are in the 10% of the most intense bursts in terms of total energy fluence, while GRB 051103 is the brightest in terms of the peak energy flux. The spectral parameters of the bursts are typical for our sample. A count excess observed up to 90 s after trigger for GRB 070201 was suggested by Mazets et al. (2008) to be the tail of the possible GF. The significance of the -22 -excess is 4.3σ and it does not meet our 5σ EE criterion.
6.4. Heterogeneity of short GRBs Figure 5 shows E p of the CPL best-fit model as a function of the burst duration T 50 .
The Type I GRBs tend to be harder (E p 200 keV) and shorter than Type II bursts, which is consistent with the classification obtained using the hardness-duration distribution.
Among four bursts best-fitted with the PL model, two are types I and II, and two have uncertain classifications (I/II). The apparent lack of KW GRBs with E p 100 keV and T 50 0.3 s is probably due to selection effects. The duration distribution of the initial pulses of short GRBs with EE (Iee) is consistent with that of the Type I bursts; this is supported by P KS ∼ 0.5. We found that the E p of the initial pulses of Iee bursts are, on average, harder than the E p of the Type I bursts by a factor of ∼ 1.5, and P KS for the two E p distributions is ∼ 0.01. Finally, we tested whether the S and F peak distributions for the initial peaks of the Iee bursts differ from those of Type I GRBs. In both cases we obtained P KS ∼ 0.01 which disfavors the hypothesis that both Iee and Type I GRBs are drawn from the same population, with short GRBs with EE being, on average, more intense. Figure 6 shows E p as a function of S and F peak . The 79 faint bursts, for which only three-channel spectra were available for the analysis, show spectral parameter and F peak distributions similar to those of more fluent GRBs from the sample; also, these bursts smoothly extend the short-hard (Type I) GRB distribution to the low-S region in the E p -S plane. The candidate for a GF in the Andromeda galaxy (GRB 070201) is an apparent outlier in the E p -F peak distribution, supporting the non-GRB nature of this event. Type I and Type II bursts occupy virtually non-overlapping regions in the E p -S plane. The
Type I GRBs form an elongated distribution that generally follows an E p ∝ S 1/2 relation.
The Type II bursts from our sample do not share this correlation; they form a small, -23 -soft-spectrum population which represents a tiny fragment of the long-soft KW GRB distribution. To a lesser extent, the same is true of the Type I and Type II population behavior in the E p -F peak plane. Since only nine bursts from our sample have known redshift (z ∼ 0.1-1.0, determined either spectroscopically or photometrically), the rest-frame properties of the bursts are not discussed in this work. The detailed analysis of all KW GRBs with known redshifts will be presented in a separate paper (Tsvetkova et al., in prep.) .
Although the instrumental biases affect the burst sample properties, the correlations in the observer frame may still be the consequences of the rest-frame E p,rest -E iso (Amati et al. 2002 ) and E p,rest -L iso (Yonetoku et al. 2004) correlations (see, e.g., Nava et al. 2008 and references therein). Thus, the properties of the observer-frame hardness-intensity distribution obtained for Type I and Type II bursts from the KW short GRB sample favor the hypothesis that short/hard GRBs follow their own form of the "Amati" E p,rest -E iso relation (see, e.g., Nava et al. 2011 and references therein). Figure 7 shows log N-log S and log N-log F peak distributions for 293 KW short GRBs along with a homogeneous space distribution with index −3/2. The log N-log S distribution tends to follow this slope only in a limited range of fluences, (∼ 4-10) × 10 −6 erg cm −2 .
While the deficit of the faint bursts can be explained by instrumental bias, the visible excess of intense bursts is, to a significant extent, due to events not representing the "classical"
short/hard GRB population. Among the 12 most energetic GRBs in our sample, with S 2 × 10 −5 erg cm −2 , only four are of Type I; the others are Type I/II, Type II, or bursts with EE (Iee). After all non-Type I GRBs are excluded from the consideration, the log N-log S distribution shows a good agreement with a steep slope of −1.85 ± 0.30 above S ∼ 5 × 10 −6 erg cm −2 . The log N-log F peak distribution of the KW short GRBs is also more shallow than the −3/2 slope; we estimate the power-law index of the integral distribution to be −1.16 ± 0.12 for F peak in the (0.2-9.4) × 10 −4 erg cm −2 s −1 range. In the same range, the log N-log F peak distribution of Type I bursts demonstrates a steeper slope 
2013).
Facilities: Wind (Konus). The solid lines show a slope of −3/2 expected if GRBs were homogeneously distributed in an Euclidean space throughout the sampled volume. 
